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CHAPTER 1

INTRODUCTION

1.1 PURPOSE

This document defines the basic plan for the Gravity Recovery and Climate Experiment
(GRACE) Misdon Science Data System (SDS). It describes the data flow and the roles
and resporsibiliti es of ead SDS comporent institution. It also lists the documents to be
produced bythe SDS, and the products to be suppated.

1.2 OVERALL SCIENCE DATA SYSTEM ARCHITECTURE AND
DATA FLOW

1.2.1Key aspedsof the SDS architedure:

1) The GRACE SDS will be a distributed system. System development, data
processng, and archiving will be shared between the Jet Propusion Laboratory, the
University of Texas Center for Space Reseach, and the GeoForschungsZentrum
Potsdam, (GFZ). Sedion 1.3 dscribes in detal the brekdown o roles and
resporsibiliti es for eaty componrent of the SDS.

2) The SDS will be designed to perform gravity processng through Level 2, which
corresponds to monthly gravity fields, in sphericd harmonics to degree 100, and
mean fields over longer times at least twice during the misson, to at least degree 160.

3) The Level 2 ocaultation poducts are not suppated by the GRACE SDS, bu will be
procesed by dher analysis gystems. The GRACE SDS will work closely with these
systems for solution d common pgroblems. Archiving d level 2 occultation products
by the GRACE SDS could be one option for linking the processng systems.

1.2.2Data Flow

The general science dataflow for the GRACE Missonis presented in Figure 1-1, with
SDS comporents shaded.
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Figure 1-1: GRACE ScienceData Flow
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The GRACE sciencedata ae defined at four levels. The SDS processng starts at Level-0
data, which is the result of data reception and decommutation bythe Misgon Operations
System (MOS), and ends at Level-2, which include the estimates for models for the time
variable and mean comporents of the Earth’s gravity field. Intermediate Level-1A and
Level-1B are dso defined. At ead level, ancillary data products from outside the
GRACE projed are dso defined, which are used in the processng d the GRACE science
data.

The processng adivities from Level-0 to Level-1B are mlledively cdled Level-1
Processng, and the adivities from Level-1B to Level-2 as Level-2 Processng. The
Level-1 processng is primarily the resporsibility of JPL and GFZ. Level-2 processngis
shared between UTCSR, GFZ and JPL with dfferent resporsibilities. While UTCSR is
primarily resporsible for level 2 products generation, GFZ will suppat Software
development and poduwcts verificaion. Common standards and interfaces are
implemented in bah Software padkages. JPL will provide in addition from case to case
independent verification products.

An owerview of data products in ead Level is given in Chapter 2, with the detailed
definitions in the Product Speafication Document. At ead level, severa ancill ary data
products are dso used in data processng. Relevant GRACE science and ancill ary data &
ead level are aguired and exchanged as necessary by the cmporent institutions of the
SDS. Thefina Level-2 products as well as the verified Level-1B products are delivered
to the scientific community.

1.2.2.1Processng From Level-0 to Level-1

The task of processng various Level-0 into Level-1B products is to be performed by the
SDS analysis center at JPL, with badkup cgpability at GFZ, where the identicd Software
will run. Level-1 processng consists of different steps and interfaces, depending onthe
product type and applicaion. The Level-0 data will be retrieved by the JPL and GFZ
analysis centers within 24 houws of decommutation at the Level-0 rolling archive & the
DLR-DFD-NZ. Ancill ary data necessary for these tasks, including GPS ground retwork
data, Earth orientation parameters, etc., will be retrieved by the JPL and GFZ analysis
centers.

The Level-1 products will be assembled as gedfied in Table 2-5 in the SMRD (327-200)
(and repeded in Chapter 2 below), and made available to all SDS anaysis centers
through the respedive SDS archives at JPL and GFZ, within 5 dhys of availability at
DLR/DFD-NZ.
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1.2.2.2Processng From Level-1to Level-2

The task of processng Level-1B and related ancillary data into Level-2 products is
caried ou primarily by UTCSR with GFZ suppat in a dose moperation. A seleded
subset of processng is caried ou by JPL for additional verificaion pupaoses. Ancill ary
geophysicd data and models, for example amospheric presaure fields, will be aquired
and processed appropriately by ead analysis center.

The Level-2 data will be assmbled as gedfied in Table 2-6 in the SMRD (327-200),
and repeded in Chapter 2 below. The results of this processng will be placeal in the
respedive SDS archives at JPL and GFZ within 60 diys of Level-1 data avail ability.

During the Operational Phase of the misgon, the final Level-2 and \erified Level-1B data
will be made avail able for release to the scientific community by the Pl and the @-PI.

1.2.2.3Instrument Calibration Maneuver Analysis

The CG Offset Calibrations and the KBR Boresight-to-SCA Alignment Calibration will
be computed by the SDS as the result of orbital maneuvers and subsequent data analysis
by the analysis center at JPL. The bias and scde estimates for the accéerometer will be
obtained bythe Level-2 processng centersin conjunction with the Level-2 processng.

The results of these cdibrations will be reported badk to the gpropriate SDS archive
within 60 diys of the maneuver. Interfaces with the MOS will be established to ensure a
rapid feaedbad, to enable the MOS to carry out the CG Trim maneuver.
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1.3 ROLES AND RESPONSIBILITIES BY SDS COMPONENT
INSTITUTION

Below we summarize the spedfic roles and resporsibilities of ead o the SDS
comporent institutions in the data flow outlined above. Figures 1-2 to 1-6 provide this
information in the form of awork breskdown chart.

1.3.1ROLE AND RESPONSIBILITY OF DLR/DFD-NZ

The Level-0 rolling archive & DLR/DFD-NZ is resporsible for
1. Deommutation d satellit e downlink data

2. Makingthese data avail able within 24 houws of aayuisition

1.3.2ROLE AND RESPONSIBILITY OF UTCSR

Asan SDS SienceAnalysis Center, theroles of UTCSR include
1. Primary processng of GRACE datafrom Level-1 to Level-2 with upgaded
MSODP Sftware Implementation d common UTCSR/GFZ standards and set
up d interfaces to GFZ Software.

2. Acquisitionand processng d the necessary ancill ary datafor obtaining Level-
2 products from Level-1 data.

3. Archivingand dstribution d the Level-2 datato the SDS archive within 60
days of aqquisition d Level-1 data.

1.3.3ROLE AND RESPONSIBILITY OF JPL

Asan SDS Sience Analysis Center, the roles of JPL include
1. Preliminary orbit computation recessary for Level-0 to Level-1 processng.
2. Processng d KBR, SCA, and ACC datafrom Level-0to Level-1.

3. Acquisitionand processng d the necessary ancill ary data for obtaining Level-
1 products from Level-0 data.
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Archiving and dstribution d the Level-1 data to SDS analysis centers within
5 days of aqquisition o Level-0 data.

Verificdion d Level-2 data products through seleded independent gravity
field computation and comparison with UTCSR and GFZ.

Anaysis, archiving and reportage of the results of the accéerometer CG off set
cdibration, the KBR/SCA alignment, and ACC/SCA alignment maneuvers.

1.3.4ROLE AND RESPONSIBILITY OF GFZ

Asan SDS Sience Anaysis Center, the roles of GFZ include

1.

Badkup capability for processng d GRACE data from Level-0 to Level-1 by
implementation d JPL Software & GFZ.

Acquisitionand processng d the necessary ancill ary data for obtaining Level-
1 products from Level-0 data.

Archiving and dstribution d the Level-1 data to SDS analysis centers within
5 days of aqquisition o Level-0 data.

Suppat of UTCSR in processng of GRACE data from Level-1 to Level-2.
Upgrade of EPOS Software and implementation  common standards. Setup
of interfaces between bah Software systems.

Acquisitionand processng d the necessary ancill ary data for obtaining Level-
2 products from Level-1 data.

Archiving and dstribution d the Level-2 data to the SDS archive within 60
days of aqquisition d Level-1 data

Processng d atmospheric and cceanic time variable gravity inpu for de-
aliasing GRACE data (part of Level-1 processng).
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Science Data System(SDS)
I
I I I I
Definitions and Data Level 1 Products Level 2 Products
Spedfications Acquisition Generation Generation
o SDS Raw Data Star Camera Architecural
Speaficdions Access AseEmbly S/W Design
Products Ancill ary | Super STAR GFZ S\W
Definition Data Accderom. Development
u User GPSOrhit | | UTCSR SW
Interfaces Data Development
| | Common o K-Band | JPLSW
Standards Ranging Syst. Development
o GPS | | Monthly
Occaultation Gravity Mod.
|| Mean Gravity
Mode

Figure 1-2: High level work breakdown structure
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Definitions and Spedfications
| | | |
SDS Products User Common
Spedfications Definition I nterfaces Standards Def.
Processng | C Products C European Software | C
Systems G Spedfi- G | User — Standards | G
J cdions J Interface J
Archiving | G Product C uU.S. Processng | C
Systems J Vaidation | G | User — Standards | G
J Interface J
Software C User
Spedfi- G — Interface
cdions J Harmoniz.
Hardware C
Spedfi- G
cdions J

Figure 1-3: Definitions and spedfications work breakdown structure and

responsibilities (C=UTCSR, G=GFZ, J=JPL)
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Data Acquisition

Raw Data Ancillary
Access Data
Data G External C
Transfer J T Mass G
from RDC Fields J
LongTem | G Ground G
Level O J — Network J
Archiving Data
IGS C
T GPS G
Products J
Other C
T Data G
J
Archiving | G
— Ancillary J
Data

Figure 1-4: Data acquisition work breakdown structure and responsibilities

(C=UTCSR, G=GFZ, J=JPL)
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Level 1 Products Generation
| |
Super STAR GPS Orbit K-Band
Accderometer Data Ranging System
ACC G GPS J KBR J
—| Merger J | Pre- | Pre-
processng processng
ACC G Prelimin. J KBR J
| Pre- J | Orbit —| Levdl
processng Processng
ACC G Orbit G KBR G
—| Products J || Produts J || Produts J
Archiving Archiving Archiving
ACC G GPS G KBR G
—1 Software J |1 Software J |1 Software J
Transfer Transfer Transfer
Star Camera GPS
AssEmbly Ocaultations
SCA G GPS J
] Pre- J —| High-Rate
processng Processna
SCA G GPS G
—1 Levd 1l J —1 Occault. J
Products Archivinag
SCA G GPSOcc. G
—| Products J | SIW J
Archiving Transfer
SCA G
—1 Software J
Transfer

Figure 1-5: Level 1 products generation work breakdown structure and
responsibilities (C=UTCSR, G=GFZ, J=JPL)




SCIENCE DATA SYSTEM DEVELOPMENT PLAN REVISION: C
GRACE 327710 June 30, 2000 PAGE 15OF 23
Level 2 Products Generation
| | | |
Architedural S/W Developm. Monthly Mean Gravity
S/W Design UTCSR Gravity Model Model
SW SW Normal Update
— Structure — Modues — Equation — Normal
Definition Coding Generation Equation
Data SW Normal Mean
— Structure — Modues — Equation — Gravity
Definition Merging Merger Solution
Software SW Monthly QC
— Standards — Testing, — Modd T Mean
Definition Simulation Solution Mode
QC Archiving
Software Software — Monthly — Mean
Developm. GFZ Devleopm. JPL Mod. Model
SW Upgrade o Aerchi\ﬂlng
—  Modues —  GIPSY- N‘l’”‘dely
Coding OASIS 0
SwW Developm. o P(r)eg‘_?e
— Modues — Compar. P rdIu:t
Merging Software ro
SIW
— Testing,
Simulation

Figure 1-6: Level 2 products generation work breakdown structure and
responsibilities (C=UTCSR, G=GFZ, J=JPL)
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1.4 SCIENCE DATA SYSTEM DOCUMENTATION PLAN

Due to resource restrictions, the GRACE Science Data System (SDS) plans dreamlined
documentation with resped to historicd flight misson software engineaing standards.
The treein Figure 1-7 lists the documents that will define and daument the SDS for the

GRACE projed.

ScienceData System
Definition

Product
Spedfication

Software
Description

Architecural Tednical
Design Notes

Product Validation Tednical
Plan Notes

Figure 1-7: GRACE SDS Document Tree

1.4.1Content of Planned SDS Documents:

Science Data System Development Plan (327-710,this document)
* Definition d roles and resporsibiliti es
* System Definition
» Data and product list
» Schedule and milestonesfor SDS
* Release A: March 31,1999
* Release B: October 30, 1999
* Release C: thisiswue
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Product Speafication Document (327-720)
* Product definition (content, data rates, latencies)
* Input description and interfaces
* Algorithm description
» Format description
* Draft release: Fourth quarter of 1999

Software Description Document (327-730)
* Subsytem and interfacedescription
* Functional, Performance, Operational, Resource reguirements
* Software User Manual
* Planned release: First quarter of 2001

Architedural Design Document (327-740)
» System Design
» Dataobjed description
» Comporent design
* Draft release: Third quarter of 2000

Product Validation Plan (327750
* Validation procedures
* Vdlidation cata sets
* Planned release: Second quarter of 2001

Spedfic technicd descriptions will be provided in technicd naotes, which are suppating
the achitedural design daument and product validation dan. These technicd notes will
provide details regarding spedfic dgorithms for product processng a validation, and
dedsions to produce such naes will be made on a cae by case basis during the SDS
implementation plese.

1.5 GRACE SCIENCE DATA SYSTEM REVIEWS

The GRACE SDS will undergo 4reviews.

1) The Architedure Design Review (ADR) — a pee review to assessthe overal design
of the SDS. Scheduled for fall 1999.

2) Implementation Mid-Term Review (IMR) — an internal projed review to assssthe
status and schedule of SDS implementation. Scheduled for fourth quarter of 2000.




SCIENCE DATA SYSTEM DEVELOPMENT PLAN REVISION: C
GRACE 327710 June 30, 2000 PAGE 18 OF 23

3) SDS Realiness Review (SRR) — A final pre-launch review of the SDS by the
comporent institutions. Scheduled 3 months prior to launch, which would naminally
placeit in the third quarter of 2001.

4) SDS FRunctiondlity Review (SFR) — a review of the performance of the SDS by the
major SDS comporent institutions and GRACE science tean. Scheduled for 3
months after GRACE launch, which would naminally placeit in the third or first
quarter of 20Q2.
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CHAPTER 2

GRACE SDSPRODUCT LIST

Ancillary data products are nat included in the GRACE SDS product list, bu are
described in relevant lower level documents.

2.1 LEVEL O DATA

The Level-0 data remrds contain raw, unpocessed telemetry data that has been
decommutated by DLR/DFD_NZ.

Measurement Sample Rate TimeInterval
K-Band Phase Data 10Hz Continuows
GPSData (Orbit Det.) 1Hz Continuous
GPSData (Occultation) 50Hz Brief intervals;

< 200/day
Accderometer 10Hz Continuots
SCA Quaternions 1Hz Continuous
GPSData (lonosphere) TBD TBD
Housekegping Data All Continuos
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2.2 LEVEL 1DATA

The Level-1 data products include the cdibrated and werified satellit e-to-satellit e line of
sight biased range and its derivatives, aong with the GPS tracking data and initial
ephemerides for the GRACE satellites. These datawill be made avail able to the scientific
community no later than 60 dys following recept of the Level O data. Level 1 data
products are splitted into two dfferent processnglevels, namely Level 1A and Level 1B.
Level 1A data products are non-destructive with resped to Level O products, bu sensor
cdibrationfaaors are gplied to convert the binary encoded measurements to engineeing
units. Level 1B data prodwcts are rredly time tagged and the data sample rate is
reduced from the high rate data of previous levels.

Level 1A Data
Measurement Product Sample Rate

K-Band Ranging K and Kafrequency 0.1s
integrated carier phase

GPSRO-Measurements SNR + Phases 50Hz

GPSOrhit Data SNR + Phases 1-0.1s

Accderation Linea & Anguar 0.1s

Accderations

SCA Quaternions Orientation d SCA axes 0.5s-5s

relative to inertial frame
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Level 1B Data
Measurement Product Sample Rate
K-Band Ranging Biased Range & Derivatives 5s
Laser Ranges to satellite Groundsite-GRACE distance 5s
(2-way)
Satellit e Position & Velocity 5s
Accderation Non-grav. linea acceerations 5s
Spacecaft Attitude S/C and ACC attitude 5s
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23 LEVEL 2 DATA

The Level-2 data include the orbits for the GRACE spacecaft, estimates of sphericd
harmonic coefficients for the Earth gavitationa potential, and excess path
delay/refradivities from the occultation cata.

Measurement Product Sample Rate
Geopaentia Field Sphericd Harmonic Coefficients 30 caysor
longer
Satellit e Position & Velocity Cartesian 5s
ExcessDelay/Refradivity * Profiles <50hz
Temperature/Water vapor * Profiles <50Hz

* to be aeded by companion data systems and nd the resporsibility of the GRACE SDS.
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CHAPTER 3

SDS SCHEDULE AND MILESTONES

3.1 The GRACE SDS schedule referenced throughou the document is presented in

Figure 3-1.
1959 2000 2001 20
me [ we [DJaJFIm]amaJaals[ou]ola [FIMalmdJaas]on]o[JJFM[am T Jalson]o]J JF[M]aTm]
110 WSRACE Mission Development L
2 1o 26.04. ’ Critical Design Review
3 |20 Test Readiness Review ’ 02.10.
4 |30 P:re-Ship Review ’ 02.07.
s |40 Launch Readiness Review ‘ 03.10.
6 |2000 Fcience Data System Development '
7 [2010 ';ns Reviews '
& |2011 0812, ’ Architectural Design Review (ADR)
9 2012 Implementation Mid-Term Review (IMR) ’ 0210,
10 (2013 505 Readiness Review (SRR) ' 02.07.
11 |2014 SD5 Functionality Review (SFR) ’. 07.01.
12 [2020 W05 Documents v
13 |20 .03, ' 505 Development Plan (327-710)
14 |2022 0812, ’ Product Specification Document {32:?-?20}
15 |2023 14.08. ’ Arch'rtec‘turial Design Document (J327-740)
16 |2024 03.01. ’ Software Description I]ucumerrt:(32?-?3ll)
17 |2025 Product Validation F:'Ian (327-750) ’ 04.06.

Figure 3-1: SDS Reviews and Documents




